PLANT GROWTH REGULATORS

Synthesis and Preliminary Evaluations of
Amide, Lactic Acid, and Terpenoid
Derivatives of Substituted
Phenoxycarboxylic Acids

C. F. KREWSON, E. J. SAGGESE,
J. F. CARMICHAEL, J. S. ARD, and
T. F. DRAKE!

Eastern Utilization Research and
Development Division, Agricultural
Research Service, U. S. Department
of Agriculture, Philadelphia 18, Pa.

J. W, MITCHELL and B. C. SMALE
Crops Research Division, Agricul-
tural Research Service, U. S. De-
partment of Agriculture, Beltsville,
Md.

These investigations were undertaken for the purpose of utilizing materials of agricultural

origin in the synthesis of conjugated biologically active compounds.

All of the 32 new

compounds prepared, amides, terpenoids, and lactic acid derivatives, induced plant-

growth responses,

induced by the parent regulating compounds.

In general, the magnitude of these responses was less than that
The data presented indicate that some

derivatives may possess limited growth-regulating properties of interest inducing a

localized response,

In a few cases the coupling of compounds with halogenated phenoxy

acids produced derivatives possessing increased growth-regulating properties.

THE syNTHESIS and preliminary evalu-
ation of biologically active com-
pounds have been reported in a series of
papers (7-9, 73, 74). The broad pur-
pose of the work is to create new and use-
ful, synthetically prepared compounds
from naturally occurring and derived
source materials of agricultural origin.
These investigations are motivated by
the desire to obtain fundamental knowl-
edge on the mode of action of growth
regulators in plant metabolism and the
effects of modification of chemical struc-
ture on the biological activity of plant
growth substances. The immediate ob-

growth-regulating compounds possessing
significantly different growth-regulating
properties from those of parent sub-
stances holding prominence in the
“growth regulator” field. Some of the
desirable attributes sought are increased
or decreased selectivity and translocati-
bility, modified phytotoxicity, and new
growth-regulating properties.

This publication is a report on the
preparation and some plant-regulating
effects obtained with p-toluenesulfon-
amide (included because of chemical
similarity to several naturally occurring
amino acids), p-amincbenzoic acid, p-

1-[6,6-dimethylbicyclo-(1,1,3)-hept-2-en-
2-yl]-ethan-2-0l (7), hydronopol, and
Terposol No. 8 (chiefly terpinyl ethylene
glycol ether).

The part reported here on amide
derivatives is an extension of previous
studies (7-9, 74) which have demon-
strated that amino acid coupling can
have a marked effect upon the growth-
regulating properties of a compound.
This type of coupling has also resulted in
an increase in the selectivity of the
phenoxy-type growth regulator. Work
on other amino acid, peptide, and protein
hydrolyzate derivatives is in progress.

jective is the preparation of plant aminosalicylic acid, and several lactic Need for extended work covering a wide
acid dertvatives of halogenated phenoxy- variety of terpenoids is indicated by the
carboxylic acids; it also includes results results obtained here and by others in the
! Present  address, Courtaulds, Inc., of a preliminary evaluation of new field of weed control (2, 4). New inex-
Mobile, Ala. ’ ’ derivatives of the terpenoids: nopol pensive terpenoids used as starting ma-
Table I. Physical Properties, Yields, and Analytical Data for Halogenated Phenoxy Acyl Chlorides
Boiling Melting
Point, Point, Analyses, %o -
°c, °c. Yield, Carbon Hydrogen Chlorine
Name Formula {Uncor.) {Uncor.) n%y %  Caled.  Found  Coled. Found Caled.  Found
4-Chlorophenoxyacetyl -
chlorides CsHsCl.0, 92.0/1.0 mm. 22.0-24.0 1.5463 85.0 46.86 47.07 2.95 3.04 34.85 35.40
2-Methyl-4-chlorophen- -
oxyacetyl chloride CyHCl,0; 70.0/0.007 mm. 28.5-30.0 1.5400% 93.5 49.34 50.04 3.68 4.17 32.37 32.56
2,4-Dichlorophenoxy-
acetyl chlorides CsH;Cl;0;  102-105/0.3 mm. 50.3-52.34 1.5622 87.8 40.13 40.22 2.11 1.90 44 .42 44.30
2,4,5-Trichlorophenoxy- .
acetyl chlorides CsH,Cl,0, 128-130/2.0 mm, 84.5-85.04 1.5590/ 74.2 35.08 35.25 1.47 1.81 51.76 51.68
2-(2,4-Dichlorophen-
oxy )propionyl chlo- -
rides GH;Cl;0, 76.0/0.1 mm. Lk 1.5440 90.4 42.39 43.25 2.74 3.23 41.96 41.97
2-(2,4,5-Trichlorophen-
oxy)propionyl chlo-
ride CyHeCl,0, 111-117/0.3 mm. - 1.5601¢ 73.0 37.34 37.73 2.10 2.23 49.25 48.96
4-(2,4-Dichlorophen- .
oxy)butyryl chloride C;HyCl;0, 136-140/0.2 mm. 17.0-22.0 1.5465 89.1 44.89 44.93 339 3.38 39.76 39.43
4-(2-Methyl-4-chloro-
phenoxy)butyryl
chloride C11H;:CLO, 115-122/0.2 mm. 5.0-9.0 1.5340 73.5 53.46 53.45 4.90 5.19 28.70 28.62
@ B.p. 142°/17 mm., m.p. 18.8, yield 90% (70). £ At 94° C,
b At 32.8° C. P 4 0 7 B.p. 137-139°/9 mm., n% = 1.5475, yield 849, (5).

¢ B.p. 135-157°/22 mm., yield 84-909 (74).

4 Cor.

& Liquid at 5° C.
At 26.0°C,

¢ B.p. 165-167°/6 mm., m.p. 78-79°, yield 809 (6).
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Table Il. Physical Properties, Yields, and Analytical Data for Amide Derivatives of Halogenated Phenoxy Acids
M.P Yield Analyses, %
°C.“I Crude Refined Chlorine Nitrogen
Name Formula (Cor.) G % G % Caled.  Found  Calcd. Found
p-Toluenesulfonamide
A-(4-chlorophenoxyacetyl )- Ci:Hi,CINOS  169-171 4.37 64.2 1.72 253 10.43 10.54 4.12 4.02
N-(2-methyl-4-chlorophenoxyacetyl )- C1sH,¢CINO.S 204-206 5.34 75.3 2.20 28,5 10.02 9.93 3.96 3.96
N-(2,4-dichlorophenoxyacetyl )- C1:H:CLLNOS  170-171 3.96 52.7 2.75 36.6 18.96 18.99 3.75 3.75
N-(2,4,5-trichlorophenoxyacetyl )- C1:H.CLNOS  177-179 6.48 79.4 3.35 41.0 26.03 25.74 3.43 3.45
N-[pL-2-(2,4-dichlorophenoxy jpropionyl}- C1eH;;CLNOS  123-125 4.78 63.8 1.35 18.0 18,29 18.12 3.61 3.51
Aminobenzoic acid
N-(4-chlorophenoxyacetyl )- C1:H1:CINO, 237-239 4.10 66.9 3.85 62.8 11.59 11.92 4.58 4.63
N-(2-methyl-4-chlorophenoxyacetyl )- Ci1sH1CINO, 260-263% 3.30 51.6 2.78 435 11.09 11.17 4.38 4.39
N-(2,4-dichlorophenoxyacetyl)- Ci:H, CLNO, 272275 3.02 836 2.30 64.1 20.55 20.70 4.11 4.13
N-(2,4,5-trichlorophenoxyacetyl )- C1:H1,CIsNOy 310-315¢ o ... 1,134 15,1 28.39 27.99 3.7 3.72
N-[pL-2-(2,4-dichlorophenoxy )propionyl]- CiHsCLNO,  208-209* 14,18 100.0 6.13 44,5 20,02 20.02 3.96 3.99
#p-Aminosalicylic acid
N-(4-chlorophenoxyacetyl )- C1:H1:CINO; 225-227 4.32 67.0 1.95 30.2 11.02 11.12 4.37 4.36
V-(2-methyl-4-chlorophenoxyacetyl )- C1sH1,CINO; 223-227 Ce ... 1.68 250 10.54 10.56 4.21 4.17
¥-(2.4-dichlorophenoxyacetyl )- C:H,CLLNO;  256-258 4.92 68.9 1.55 21.7 19.90 19.40 3.92 3.84
N-(2.4,5-trichlorophenoxyacetyl )- C;H1,CLNO;, 281-284b S ... 207 26.5 27.23 27.02 3.59 3.54
N-[pL-2-(2,4-dichlorophenoxy )propionyl ]- Cy6H13Cl.NO; 215-221 3.81 51.4 291 393 19.16 19.07 378 3.79
@ Recrystallized once or more from ethyl alcohol water and ethyl acetate-petroleum ether unless otherwise indicated.
b Recrystallized from ethyl alcohol water only,
¢ Recrystallized from ethyl alcohol water and ethylene giycol monoethyl ether.
¢ A portion of sample lost by accident.
¢ Recrystallized twice from methanol water.
Table Ill. Physical Properties, Yields, and Analytical Data for Lactic Acid Derivatives of Halogenated
Phenoxy Acids
:Z:l;eg, Yield, % _ Analyses, P
° . _ Re- Carbon Hydrogen Chlorine
Name Formula (Uncor.) n% d3%  Crude fined Caled.  Found Caled. Found  Caled.  Found
pL-2-[DL-2-(2,4,5-tri-
chlorophenoxy )pro-
pionoxy | propionic
acid methyl estere  C:H;;CLO;  170-90/0.2mm.  1.5232 1.3649 78 66 43.91 44.41  3.68 3.82  29.91 29.59
DL-2- [DL-2-(2,4,5-tri-
chlorophenoxy) pro-
pionoxy | propionic
acid n-butyl ester  CiH;,Cl;0;  187-93/0.2 mm. 1.5094 1.2679 75 48.32 48.53 4,82 4.92  26.75 26.30
pL-2-(2-methyl-4-
chlorophenoxy ace-
toxy )propionic acid
methyl ester CisH;ClO; 167-75/0.2 mm. 1.5077 1.2340 65 54.46 54.38 5.27 5.16  12.37 12.69
pL-2-(2-methyl-4-
chlorophenoxy ace-
toxy )propionic acid
n-butyl ester CisH:,CIO;  190-205/0.2 mm. 1.4954 1.1520 69 53 58.45 58.00 6.44 6.05 10.78 10.99
Nitrogen
pL-2-(2,4-dichloro-
phenoxyacetoxy jpro-
pionic acid N-ethyl-
amide C;H;ClLNO4 108.5-9.5 (mp.  ...... ...... 21 2 4.37 4.47 22.15 22.18

cor.)

@ Solidified to soft waxy crystals.

terials are being supplied by the Naval
Stores Section of the Agricultural Re-
search Service’s Southern Regional Re-
search Laboratory. The chemistry on
the preparation and purification of the
terpenoid derivatives used in the present
experiments has been reserved for pub-
lication with extended studies now in
progress on volatility and herbicidal
properties.

The development of “lactoprene’” rub-
bers at the Eastern Regional Research
Laboratory made available a wide
variety of lactic acid derivatives for syn-
thetic purposes. Attempts in 1953 to
couple lactic acid and some of its deriva-
tives with halogenated phenoxvcarbox-

ylic acids were unsuccessful. However, a
single compound, bL-2-(2,4-dichloro-
phenoxyacetoxy)propionic acid N-ethyl-
amide, combining bprL-A-ethyllactamide
with 2,4-dichlorophenoxyacetic acid, was
made and preliminary tests showed that
it possessed growth-regulating proper-
ties; also it was quick-acting on the test
plants used. A discovery made about
this time (77) that leaves of test plants
(corn was an exception) were able to
translocate plant regulating carbamates
more readily when the compounds con-
tain the lactic acid group kept alive the
desire to incorporate lactic acid into the
phenoxy type regulator. Four more
lactic acid derivatives have now been
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made and a preliminary evaluation of all
five compounds is reported here.

Experimental

Compounds used for synthetic pur-
poses were the best obtainable from com-
mercial sources, utilized without further
purification. Where new derivatives
prepared were solids. no attempts were
made to improve vields by working up
mother liquors.

For the preparation of the amide
derivatives of halogenated phenoxycar-
boxylic acids obtained by coupling p-
toluenesulfonamide, p-aminosalicylicacid,
and p-aminobenzoic acid Schotten-Bau-
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mann techniques were used (7-9).
When it was necessary, halogenated
phenoxvcarboxylic acids were first con-
verted to their acyl chlorides by the use of
thionyl chloride employing the method of
Freed (3). Informative data concerning
the properties of all the chlorides used
are summarized in Table I. Values ob-
tained by other investigators are also
presented. Data on 4-(2,4-dichloro-
phenoxy)butyryl and  4-(2-methyl-4-
chlorophenoxy)butyryl chlorides are in-
cluded, because these compounds have
been used to prepare amino acid deriva-
tives which are being evaluated as herbi-
cides.

The preparation of 2,4,5-trichloro-
phenoxyacetyl-p-toluenesulfonamide  is
illustrative of that used for the other
sulfonamides and for the derivatives of
p-amincbenzoic and  p-aminosalicylic
acids. Melting points, yields, and ana-
lytical data for these compounds are re-
corded in Table II.

2,4,5-Trichlorophenoxyacetyl-p-tolu-
enesulfonamide. To p-toluenesulfon-
amide (3.42 grams, 0.02M) dissolved
in 60 ml. of 1N sodium hydroxide
chilled to 5° C. was added, dropwise
with continuous stirring, a cold solution
containing 2,4,5-trichlorophenoxyacetyl
chloride (5.46 grams, 0.02M) dissolved
in 30 ml. of benzene. The reaction
mixture was stirred for 3 hours as it
warmed to room temperature. Three
20-ml. portions of ether were used for
extractions made in a separatory funnel.
The combined ether extracts were washed
with 20 ml. of distilled water. The
washing was returned to the alkaline
solution, which was then acidified with
1V hydrochloric acid using Congo red
paper as an indicator. The acidified
solution was placed in the refrigerator
overnight. The white crystalline prod-
uct was filtered off, slurried three times
with water, and finally dried in a vacuum
desiccator by continvous overnight pump-
ing. The product was ground and
washed three times with small portions of
warm petroleum ether (boiling range
63° to 70° C.). The crude yield was
6.48 grams (79.4%), melting point 165—
70° C. Following two recrystallizations
by dissolving in hot ethyl acetate and
precipitating with petroleum ether the
melting point was 174-9° C.

A third recrystallization performed by
dissolving in hot ethyl alcohol and pre-
cipitating with water produced a product
with a satisfactory melting point, 177 to
179° C. The final yield was 3.35 grams
(41.09) (Table II).

The lactic acid derivatives were pre-
pared by two varying techniques. First
the n-ethylamide of prL-2-(2,4-dichloro-
phenoxyacetoxy) propionic acid was
made by the azeotropic technique.

DL - 2-(2,4-Dichlorophenoxyacetoxy)
propionic Acid AN-Ethylamide. bpL-
N-Ethyllactamide (72) (78.0 grams,
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b

0.67M) and 2,4-dichlorophenoxyacetic
acid (148 grams, 0.67M) were mixed in a
flask to which were added 400 ml. of
xvlene and 2 grams of sulfuric acid.
This reaction mixture was refluxed until
no more water could be collected in a
moisture tube (16 hours). The xylene
was removed under reduced pressure
vielding a residual heavy oil. Attempts
to recrystallize this oil from ethyl acetate
and ethyl alcohol were unsuccessful.

The product was effectively extracted
batchwise from the oil by hot petroleum
ether (boiling point 35° to 59° C.) from
which it crystallized on cooling. The
crude vield of combined extracts after
one recrystallization from petroleum
ether was 44.8 grams (20.9%). Two
recrystallizations from a mixture of hot
ethyl acetate and petroleum ether (boil-
ing point 63° to 70° C.) gave 26.0 grams
(vield 12.19) of purified product melt-
ing at 108.5-9.3° C. (Table III).

The other four lactic acid derivatives,
DL - 2 - (2 - methvl - 4 - chlorophenoxy-
acetoxy) propionic acid methyl and 2-
butyl esters, and bDL-2-[DL-2-(2,4,5-
trichlorophenoxy) propionoxy] propionic
acid methyl and n-butyl esters, were pre-
pared by a pyridiné catalyzed esterifica-
tion of the hydroxyl group of the appro-
priate lactic acid esters. The following
example illustrates the procedure.

pL - 2 - [pL - 2 - (2,4,5 - Trichloro-
phenoxy)propionoxy Jpropionic Acid »-
Butyl Ester. prL-Butyl lactate (52.6
grams, 0.36M) was diluted to 500 ml.
with a 6 1o 1 mixture of petroleum ether
(boiling point 63° to 70° C.) and ben-
zene, pyridine (34 ml, 0.42M) was
added, and the mixture was stirred in
an ice bath. The pr-2-(2,4,5-trichloro-
phenoxy)propionyl chloride (86.4 grams,
0.30M), diluted with petroleum ether—
benzene mixture, was added dropwise
over a 10-minute period. A rapid
separation of pyridine hydrochloride indi-
cated an immediate reaction in formation
of the product. After 2 hours, the cold
reaction mixture was allowed to warm to
room temperature. The bulk of the
pyridine hydrochloride was removed by
filtration and the petroleum ether-ben-
zene solution washed with water, dilute
hydrochloric acid, aqueous sodium car-
bonate, methanol (509;), and water.
Following two stages of adsorption treat-
ment with a mixture of sodium sulfate.
carbon, diatomaceous earth, and Flori-
sil, the product was vacuum distilled at
187-93° C. at 0.2 mm. of mercury with
a constant index of refraction (nyy =
1.5094). The specific gravity of the
product was 1.2679 at 25° C. and the
vield was 75%.

Data on the physical properties, vields,
and analyses for all the lactic acid deriva-
tives are recorded in Table III.

Methods Used in Plant Tests. The
parent and derivatized halogenated
phenoxy acids were evaluated for plant
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growth regulating activity using the
dicotyledonous plants, Pinto bean, large
seeded sunflower, Arlington White Spine
cucumber, and the monocotyledonous
plants Wong barley, and U. S.-13
hybrid corn. The lanolin assay method
was used on dicots and the coated sand
assay method on monocots (9).

At intervals of 2, 4, 7, and 14 days
following treatment, the degree of
growth modification induced by the vari-
ous compounds was estimated and scored
according to the intensity of growth re-
sponses. Responses studied were: stem
curvature, growth inhibition, epinasty,
formative effects, and induced cell pro-
liferation (gall formation). Table IV
shows responses observed 14 days after
treatment, to conserve space the other
values have been omitted. These data
are representative, although they do not
show the rate of response or relative pro-
gressive effectiveness of the compounds
tested. The experiments were designed
to indicate growth regulating properties
rather than the herbicidal potentialities
of the compounds.

Results with Plant Tests. In general,
coupling of halogenated phenoxy acids
with p-toluenesulfonamide, p-aminoben-
zoic acid, and p-aminosalicylic acid and
terpenoids resulted in compounds that
induced plant-growth responses, but
the magnitude of the different responses
was less than that induced by the parent
regulating compounds (Table IV). From
the standpoint of utilization of these new
regulating compounds, the parent phen-
oxy acids sometimes induce unwanted
responses when used for a specific pur-

FRUIT DROP CONTROL

pose—for example, to improve fruit set.
The present data indicate that some
derivatives used here may possess limited
growth regulating properties of interest.
For example, it is desirable to induce
fruit set chemically without marked side
effects such as modification and suppres-
sion of leaf growth. Regulators that
induce a localized response are of inter-
est. In the present tests, 2,4,5-tri-
chlorophenoxvyacetic acid induced
marked responses (formative effects) at a
distance from the site of application when
applied to bean plants. The hydro-
nopol derivative of this acid. on the other
hand, induced a moderate response which
was apparently localized within the
treated region of the stem.

In a few cases, coupling of the phenoxy
acids resulted in compounds with in-
creased growth-regulating properties.
When applied to cucumbers, for ex-
ample, the lactic acid derivative, pr-2-
(2 - methyl - 4 - chlorophenoxyacetoxy)
propionic acid, methyl ester was more
effective than its parent acid, 2-methyl-
4-chlorophenoxyacetic acid.

Literature Cited

(1) Bain, J. P., J. Am. Chem. Soc. 68,
638 (1946).

(2) Behrens, R., Krewson, C. F., Sag-
gese, E. J., Farquhar, J., 13th Annual
Research Report, North Central Weed
Control Conference, pp. 160-1, 1956.

(3) Freed, V. H., J. Am. Chem. Soc. 68,
2112 (1946).

(4) Gentner, W. A., Shaw, W. C,
U. S. Dept. Agr., ARS, Beltsville,
Md., Progress Rept. CR-25-58 (Jan-
uary 1958).

Evaluation of Chlorine-Substituted
Phenoxyacetic Acids and Amides for
Retarding Abscission of Apple Fruits

(5) Hill, C. M., Schofield, H. 1I.,
Spriggs, A. 8., Hill, M. E., J. Am.
Chem. Soc. 73, 1660 (1951).

(6) Hill, C. M., Towns, M. B., Senter,
G., Ibid., 71, 257 (1949).

(7) Krewson, C. F., Drake, T. F.,
Mitchell, J. W., Preston, W. H., Jr.,
J. AGr. Foop CHEeM. 4, 690 (1956).

(8) Krewson, C. F., Drake, T. F,
Neufeld, C. H. H., Fontaine, T. D.,
Mitchell, J. W., Preston, W. H., Jr.,
Ibid., 4, 140 (1956).

(9) Krewson, C. F., Neufeld, C. H. H.,
Drake, T. F., Fontaine, T. D., Mitchell,
J. W., Preston, W. H., Jr., Weeds
3, 28 (1954).

(10) Minton, T.H., Stephen, H., J. Chem.
Soc. 121, 1598 (1922).

(11) Mitchell, J. W., Marth, P. C.,
Preston, W. H., Jr., Science 120, 263
(1954).

(12) Ratchford, W. P., J. Org. Chem. 15,

326 (1950).
(13) Wolfe, W. C., Wood, J. W,
Klipp, L. W., Fontaine, T. D,

Mitchell, J. W., bid., 14, 900 (1949).
(14) Wood, J. W., Fontaine, T. D.,
16id., 17, 891 (1952).

Received for review April 2, 1958.  Accepted
September 24, 1958. Division of Agricultural and
Food Chemistry, 134th Meeting, ACS, Chicago,
Ill., September 1958. Mention of commercial
products does not imply that they are endorsed or
recommended by the Department of Agriculture
over others of similar nature not mentioned.
Commercially supplied compounds were obtained
through courtesy of the Amchem Products, Inc.,
Dow Chemical Co., Glidden Co., Hercules
Powder Co., and Monsanto Chemical Co.:
pL-2-(2,4-Dichlorophenoxyaceioxy)  propionic
acid N-ethylamide was prepared by C. Neufeld,
Western Regional Research Laboratory, Albany,
Calif. Analyses were by L. Nutter (Extension
Center, Pennsylvania State University, Abington,
Pa.), R. B. Relly, and K. Zbinden. Paper 7

in aseries on growih regulators.

PAUL C. MARTH, WILLIAM V.,
AUDIA, and JOHN W. MITCHELL

Crops Research Division, Agricul-
tural Research Service, U. S. De-
partment of Agriculture, Beltsville,
Md.

The amide forms of chlorine-substituted phenoxyacetic plant regulators were more effective

in retarding mature fruit abscission than the corresponding acids.

When chlorine was

substituted in all possible combinations on mono-, di-, tri-, tetra-, and penta- positions
on the benzene nucleus, in all instances where the 6 position contained chlorine the com-

pound was rated as relatively inactive.
position also reduced the effectiveness of a compound.

To a lesser degree chlorine substitution in the 3
The 17 acids and 17 amides were

compared directly on three varieties of mature apple fruits; the complete series of 17
amides was applied to six varieties.

PLANT-REGULATING AcTIvITIES of chem-
icals can be compared or evaluated
in various ways. Retardation of the
abscission of mature fruits of apple was
used as the response in the present study,
because that type of plant reaction ap-
pears to be very different from the cell
elongation or multiplication, formative
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growth effects, parthenocarpy, modifica-
tion of organs, and repression or stimula-
tion of root or vegetative bud meristems or
others (77, 75) commonly used as meas-
ures of response.

According to McCown (4) the har-
vest drop of mature apple fruits involves
dissolution changes in the walls and

AGRICULTURAL AND FOOD CHEMISTRY

lamellae of old, lignified cells. The
possible role of plant-regulating chemi-
cals in controlling the metabolism of
pectic substances through enzymatic
processes has been suggested by Neeley
et al. (10). Other workers have shown
that chemical changes associated with the
ripening of fruits can be stimulated or



